Diamant, Asterix, and Granola varieties differed significantly in foliage coverage, plant height, and yield. They produced lower graded minituber (67.62%, 78.16% ha −1 , and 66.27% of Asterix, Granola, and Diamant varieties, resp.) as per seed rule of the National Seed Board of Bangladesh, while foliage coverage (74.38%) was the maximum in Diamant. Microtuber in field condition showed the maximum survivability, plant height, foliage coverage, number of stems plant −1 , and SPAD value as well as yield of minituber compared to plantlet. On the contrary, microtuber derived plants of the three varieties gave the maximum yield (20.49 t ha −1 , 19.12 t/ha −1 , and 19.98 t ha −1 of Asterix, Granola, and Diamant varieties, resp.) and it was the minimum in plants of plantlets derived from all varieties (9.50 t ha −1 , 7.88 t ha −1 , and 9.70 t ha −1 of Asterix, Granola, and Diamant varieties, resp.). Microtuber derived plants produced a minimum percentage of <28 mm size of minituber compared to plantlet derived plants in case of all varieties.
Introduction
Potato (Solanum tuberosum L.) is a winter vegetable crop mainly in Bangladesh [1] . Ideal production protocols are wanted regarding microtuber induction and development, especially for Bangladeshi potato cultivars. Also, their comparative growth and yield efficiency study is the consensus at open field condition in relation to other propagules for minituber or seed tuber production. Utilization of microtubers for the speedy proliferation of seed tuber is becoming an important technique [2] . There is significant uncertainty regarding the utility of microtubers for evaluation of agronomic characters to the commercial growers. However, the application of microtubers in germplasm conservation is extensively recognized. Microtubers in different grades have different dormancy requirements and differ widely in relative growth potential and productivity. Again, the key problems of traditional seed tuber production systems are the stumpy growth rate of field-grown potatoes and the susceptibility to viral, bacterial, or fungal diseases increases with field multiplication, which are conveyed to progeny through the seed tubers. This is especially significant because the countries are unable to produce high-quality potato seed tubers [3] [4] [5] . In recent years, alternative seed production program has been developed in which the first multiplication steps are speeded up by using in vitro plantlets [6] [7] [8] , microtubers [9] [10] [11] , and minitubers [12] . Microtubers are particularly convenient for handling, storage, and transportation of germplasm and for the development of disease-free materials [9, 13] . Microtuber needs to grow at least once and preferably two or three times under protected or field conditions to produce desired lot of quality seed [14] . Although there are some protocols for in vitro microtuberization, there is also no comparative information regarding their field performance especially for Bangladeshi potato cultivars. So the usefulness of microtubers will be contingent on their yield potentiality under open 2 International Journal of Agronomy field conditions. Therefore, the present study was undertaken to evaluate the field performance of in vitro microtuber in comparison with in vitro plantlets. agar and pH was adjusted to 5.7 prior to autoclaving. The temperature in the growth chamber was 20 ± 1 ∘ C with 16-hour photoperiod and the light was supplied by fluorescent tubes at an intensity of 3000 Lux.
Materials and Methods

In Vitro Production of Microtuber
2.4.1.
Step I. Eight stem segments (each with 3 nodes) of in vitro subcultured plantlets were again cultured in liquid medium in 250 mL Erlenmeyer flasks containing mineral salts and vitamins [15] 
2.4.2.
Step II. After 28 days, the liquid media were decanted off and 40 mL microtuber induction medium based on MS medium [15] was supplemented with 10 mg l −1 benzyl adenine (BA) and different concentrations of sucrose (0, 3, 4, 6, 8, 10, 12, and 14%). Then the microtuber induction cultures were incubated in the dark at 20 ∘ C [16] . All cultures in Erlenmeyer flask were closed with a cotton cap.
Harvest of Microtuber.
Cultures with microtuber were kept in full light after 63 days of incubation for greening. After 70 days of incubation, microtubers were harvested aseptically and washed properly and then treated with Bavistin. Those microtubers were stored in a refrigerator at 4 ∘ C temperature.
Propagule Preparation.
21-day-old in vitro rooted plantlets were removed from culture and washed to remove agar and treated with fungicides. The plantlets were kept for 48 hours in poly bags for hardening and after that plantlets were planted in the field. At the same time, fungicide treated sprouted microtubers (>250 mg) were planted in the field. Watering was done to keep the soil moist accordingly. Pseudostem of banana was used as mulch every day from 9:00 am to 3:00 pm for 10 days to protect the plantlets and sprouted microtubers from direct sunshine after planting.
Treatments and Design of the Experiment.
The factorial experiment was designed as a randomized complete block design with four replications. Treatments were consisting of microtuber and in vitro plantlets of three varieties, namely, Asterix, Granola, and Diamant. Those were planted at 60 cm× 25 cm spacing and plot size was 1.8 m × 2.0 m.
Land Preparation and Planting of Propagules.
The propagules were planted on 1 December in the field. of minitubers (t ha −1 ), and the grade of minitubers (%) were collected during harvest at 90 days after planting.
Analysis of Data.
All the collected data were analyzed by analysis of variance and the means were compared according to Duncan's Multiple Range Test at 5% level of probability. produced a higher percentage of 28-40 mm grade minituber than Granola (Figure 1 ).
Results and Discussion
Performance of Potato Microtuber and Plantlet in
Field Condition. Planting materials widely varied from one another regarding plant stand at 45 DAP (Table 2) . Plants derived from microtuber sharply showed the maximum survivability, plant height, foliage coverage, number of stems plant −1 , and SPAD value as well as yield of minituber compared to plant derived from plantlet in field condition, while the number of minitubers plant −1 was more in plantlets derived plants than in microtuber derived plants. Kawakami et al. [19] reported that, unlike micropropagated plantlets, microtubers do not require time-consuming hardening periods in greenhouses and can be handled much like normal seed tubers. These have the potential to be used for field planting as the fresh tuber yields from microtuber plants were 82% that of conventional tuber plants. Pérez-Alonso et al. [20] reported also that, fifteen days after field planting, 89% of the microtubers sprouted and subsequently produced vigorous plants, whereas plants derived from microtuber of the cardinal variety showed about 85% survivability [21] , with minimum foliage coverage with in vitro plantlets [22] . Microtubers produced a relatively higher number of stems plant −1 and yield plant −1 compared to plantlets [23] . Microtubers produced a higher number of middle-grade minitubers than plantlet derived plants and also produced a similar number of minitubers of <28 mm grade, but the minituber was heavier compared to plantlet derived plant (Figure 2 ). Microtubers and minitubers produced statistically similar yields [18] . Dodds et al. [24] concluded that in vitro microtubers behave similarly to in vitro plantlets with the advantage of being easy to handle and show more resistance to stressful environmental conditions. So current findings agreed with them.
Interaction Effect of Variety and Planting Materials of Potato in Field Condition.
Microtubers of all the three varieties had the highest plant stand at 45 DAP compared to the plant stands of plantlet derived plants and the lowest plant stand was observed in plantlets derived plants of Granola which was statistically similar with Diamant for the trait (Table 3 ). The plant height was biggest (40.13 cm) in the plants propagated from microtubers of Asterix which was statistically similar to Diamant followed by microtuber propagated plants of Granola, while all the three varieties produced short plants in plantlets propagated plants (Table 3) . Main stems plant −1 also were higher in microtuber derived plants than those derived from in vitro plantlet (Table 3) . SPAD value was statistically the same in both planting materials derived plants except plants of plantlet derived from Diamant (Table 3) . The in vitro plantlets of the variety Diamant produced the maximum number of minitubers plant −1 and it was statistically similar with minitubers plant −1 of Asterix and Granola of the same planting materials. Again, statistically, the number of minitubers plant −1 was lowest in those plants which are derived from microtuber in case for all varieties (Table 3) . On the contrary, yield of minitubers plant −1 (g) was the highest in plants which are derived from microtuber in case for all varieties. Microtuber derived plants of the three varieties gave the maximum yield of minitubers (20.49, 19.12, and 19 .98 t ha −1 of Asterix, Granola, and Diamant varieties, resp.) and it was the minimum in plantlets derived plants of all varieties (9.50, 7.88, and 9.70 t ha −1 of Asterix, Granola, and Diamant varieties, resp.) (Table 3) . Zakaria [18] reported that in vitro plantlets showed very poor yield performance regarding minituber or normal seed tuber production compared to microtubers derived plants. Ranalli et al. [22] reported that microtubers and minitubers of cv. Monalisa were produced in the laboratory and compared with normal seed tubers in a field experiment. These tubers were planted at similar plant densities (13.6 sprouts m −2 ) with two distances between rows (60 and 90 cm). Normal seed and minitubers and microtubers yielded, respectively, 50.8, 31.7, and 17.0 t ha −1 which corroborate with the present findings. In all three varieties, microtuber derived plants produced a minimum percentage of <28 mm size of minituber and higher maximum percentage of 28-40 mm and >40 mm size of minituber compared to plantlet derived plants (Figure 3 ).
Conclusion
Microtuber using about 250-500 mg size is the best for maximizing minituber yield compared to plantlet. Also, the use of microtubers instead of in vitro plantlets is advantageous as they are easier to store and handle and do not require any acclimatization treatment.
